Plants used in pharmaceutical and perfumery preparations are known as medicinal and aromatic plants or MAPs. Many such plant species are cultivated for their secondary metabolite production [1] . Mentha (family Lamiaceae) is one of the most explored and promising genera, worldwide. Mentha species have had culinary use since ancient times as a flavor, cooling agent, an ingredient in tea, chocolate, candies, chewing gums and liqueurs. The scientific interest encompasses exploration of biosynthetic pathways for different terpene metabolites bearing the p-menthane skeleton. The monoterpene constituents of essential oils of menthol mint/ peppermint and spearmint are differentiated by the position of oxygenation on the p-menthane ring system [2, 3] . Menthol mint or peppermint contains constituents bearing an oxygen function at C 3 e.g., menthol, menthone, and isomenthone. On the other hand, spearmint possessed constituents with an oxygen function at C 6 of the p-menthane ring, like carvone ( Figure 1 ) . The fate of biosynthesis of either the C 3 or C 6 type has been shown to be regulated by a single gene [2] . CSIR-CIMAP has developed a novel mint plant, christened as 'Ganga', of Mentha spicata L. var. viridis for the production of essential oil and its subsequent use as a herbal fumigant, antibacterial, and anti-fungal, and in the preparation of formulations like mouth wash, shampoos, soaps and hand disinfectants [4] [5] [6] . Spearmint essential oils have been characterized by high proportions of carvone and limonene [7, 8] . The amount of other terpenoids often varies from very low to moderate.
Several publications have reported piperitenone oxide in plants [8] [9] [10] [11] . This compound showed promising biological actions like a differentiation-inducing effect on human colon cancer cells [12] , larvicidal activity [13] , in vitro inhibition of Herpes simplex [11] , and as a retardant of the malarial vector Anopheles stephensi [5] .
The objective of the current study was to explore the chemical composition, isolation and characterization of new chemical entities followed by chiral differentiation of monoterpenoids in the essential oil. We also report anti-phytopathogenic activity of the essential oil and its major constituent, piperitenone oxide against pathogens such as Cochliobolus lunatus, Bipolaris australiensis and Rhizoctonia solani.
Essential oil (EO) extracted from aerial parts of MsvG was studied for three consecutive years and analyzed by means of GC and GC/MS techniques. The essential oil contained more than 50 compounds, of which 44 were identified which contributed 90.9% of the total oil composition ( Table 1 ). The marker constituents were piperitenone (I; 2.6%), piperitenone oxide (II; 69.7%), and diosphenolene syn. lippiaphenol (III; 1.6%) ( Figure 2 ). The studied MsvG oil composition differed from that of earlier reports [6] [7] [8] . These variations in composition may be due to planting time, harvesting time, extraction type and variation in the climatic conditions in the studied years. Total identified constituents 90.9 ______________________________________________________________________ Retention Index on Equity-5 capillary column using a homologous series of n-alkane (C 6 -C 28 ) hydrocarbons, Polyscience Corp. Niles IL); † average of three years data±standard deviation.
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The structure of diosphenolene (III) had previously been confirmed by 1 H NMR spectroscopy [14] [15] . Recently, based on the 1 H NMR work [14] , diosphenolene has been reported as disophenolene from M. microphylla [16] . However, the name disophenolene seems incorrect. To the best of our knowledge, we report herein, for the first time, the complete NMR spectral data of diosphenolene syn. lippiaphenol (III) from cultivar 'Ganga'.
Characterization of piperitenone oxide enantiomers:
Enantiomer characterization was carried out in a methylated β-cyclodextrin chiral phase using an enantioselective gas chromatography technique. The exclusive presence of a single enantiomer with a chiral retention index value of 1485 revealed that the enantiomer is (1S,2S)-(+)-piperitenone oxide. The elution order was further verified from published reports [17] . Other predominant enantiomers in the oil with >99 enantiomeric ratio were (4S)-(−)limonene, (R)-(−)-linalool and (+)-borneol (Table 3) . may be due to the exclusive formation of (−)-limonene-3hydroxylase catalyzed by regiospecific cytochrome P450, which leads to the production of (−)-trans-isopiperitenol and C 3oxygenated monoterpenoids. A similar spearmint mutant, M. x gracilis (Scotch spearmint), in terms of biosynthesis of C 3oxygenated p-menthane monoterpenoids, has been reported [18] . Spearmint type C 6 -oxygenated monoterpenoids are formed from (−)-trans-carveol by C 6 -allylic hydroxylation of (−)-4S-limonene and C 3 -oxygenated monoterpenoids are formed from (−)-transisopiperitenol by C 6 -allylic hydroxylation of (−)-4S-limonene [19] . Anti-phytopathogenic activity: Disease severity of selected fungi results in huge biomass loss like root rot and wilt in pyrethrum [20] , pod rot in senna [21] , and leaf blight in sweet basil [22] . Essential oil and pure piperitenone oxide were tested as mycelial growth inhibitors against three important pathogenic fungal species. The essential oil showed the best antifungal activity (on the basis of inhibitory effect) against Cochliobolus lunatus and Rhizoctonia solani, whereas pure piperitenone oxide demonstrated the best antifungal property against R. solani ( Table 4 ). The data revealed the essential oil as the most effective against C. lunatus and R. solani, which accounted for their complete growth inhibition, whereas ca. 80% inhibition was recorded against Bipolaris australiensis after 72 h. The minimum inhibitory concentration (MIC) was observed as 400, 450 and 600 ppm against C. lunatus, R. solani and B. australiensis, respectively. In contrast, the isolated compound piperitenone oxide revealed significant variations in its anti-pathogenic activity (ca. 59%, 65%, and 100%) against C. lunatus, B. australiensis and R. solani, respectively after 72 h.
Moreover, MIC of piperitenone oxide against R. solani was recorded as 400 ppm. The growth inhibition pattern of the EO against C. lunatus was very encouraging as the fungus is a new report from Indian basil. Our study suggested that MsvG essential oil has better anti-phytopathogenic activity in comparison with piperitenone oxide against all the tested plant pathogens. Therefore, the bioactivity was mainly due to the synergistic effects of other minor constituents of the oil.
Experimental

Plant materials and isolation of essential oils: Aerial parts of
Mentha spicata var. viridis 'Ganga' were collected from the experimental farm of CSIR-CIMAP, Lucknow. The fresh leaves were washed with water and hydrodistilled using a Clevenger-type apparatus for 4 h. The collected oil was dried over anhydrous Na 2 SO 4 and stored under N 2 at 4°C prior to analysis. The yield of essential oil was 0.05% (w/w).
General:
A Bruker Avance-300 spectrometer was utilized for 1 H (300 MHz), 13 C NMR (75 MHz), DEPT, COSY, HBQC, and HMBC experiments using tetramethylsilane (TMS) as an internal standard. About 25 mg each of piperitenone (I), piperitenone oxide (II) and diosphenolene (III) were dissolved in CDCl 3 and spectral data were recorded. Chemical shifts are reported in ppm (multiplicity: s, singlet; d, doublet).
Specific rotation, FT-IR measurement, and gas chromatography coupled with either flame ionization detection or mass spectrometry were carried out as previously reported [23] .
Characterization was achieved on the basis of retention time, elution order, relative retention index using a homologous series of nalkanes (C 6 -C 28 hydrocarbons, Polyscience Corp. Niles IL), coinjection with standards in the GC-FID capillary column (Aldrich and Fluka), TurboMass NIST 2011 libraries version 2.3.0 and Wiley registry of mass spectral data 9 th edition.
Chiral gas chromatography and mass spectrometry:
A RestekRt TM -β-DEXse (30m x 0.25 mm id, 0.25 µm) fused silica capillary column was used in a Varian CP-3800 gas chromatograph with H 2 as carrier gas at 1.8 mL/min constant flow. Injector and detector temperatures were 220°C and 230°C, respectively with a split ratio of 1:140. The column oven was programmed from 70ºC (hold for 3 min) to 120ºC, at a rate of 3ºC/min and to 230ºC at a rate of 5ºC/min. Chiral GC-MS was conducted on a PerkinElmer Clarus ® 680 GC interfaced with a Clarus ® SQ 8 C Quadrupole mass spectrometer with the above mentioned chiral GC conditions; transfer line and source temperatures were 220°C; ionization energy 70 eV; mass scan range 40-450 amu. Enantiomers were identified by co-injection of chiral standards (Aldrich/ Fluka) in enantio-GC-FID, and enantio-GC-qMS while the elution order was confirmed as in our previous reports [23] .
Enantiomer discrimination of (1S,2S)-(+)-piperitenone oxide:
The enantiomer of piperitenone oxide was determined by enantioselective gas chromatography using a Restek Rt TM -β-DEXsm chiral capillary column on a Varian CP-3800 GC with a flame ionization detector. Hydrogen was used as carrier at 0.8 mL/min. The initial column temperature was 50°C for 1 min ramped to 210°C at 1.5°C/min, and held at 210°C for 10 min as in the published method [17, 24] .
Isolation of piperitenone, piperitenone oxide and diosphenolene:
About 20g of essential oil was fractionated by column chromatography (CC) on silica gel 230-400 mesh (Merck) with nhexane/ ethyl acetate as mobile phase. The isolation and purification of the CC fractions were monitored based on thin layer chromatography (TLC) with anisaldehyde as visualizing agent. Initially, the column was eluted with 100% n-hexane and then the ethyl acetate concentration was gradually increased up to 15% ethyl acetate in n-hexane. Diosphenolene (III) was eluted with 4-5% of ethyl acetate in n-hexane, whereas piperitenone oxide (II) and piperitenone (I) were eluted in 6-7% ethyl acetate and 9-10% ethyl acetate, respectively.
Piperitenone (I)
Purity -81% (GC-FID).
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